per 



fORLD INTELLECTUAL PROPERTY ORGANIZATION 
International Bureau 




INIERNAIIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCI) 



(51) International Patent Classification ^ 
AOIN 43/22, A61K 31/71 
C»7H 17/08, C12N 1/21 
a2P 19/62 



Al 



(11) Inteniatiottal Publication Nomber: 
(43) International Publication Date: 



WO 93/13663 

22 July 1993^2.07.93) 



(21) inteniational AppUcation Number: PCT/US92/00427 

(22) International Filing Date: 17 January 1992 (17.01.92) 



(71) AppUcant: ABBOTT LABORATORIES [US/US]; CHAD 

D-377/AP6D-2, One Abbott Park Road. Abbott Paric, IL 
60064-3500 (US). 

(72) Invrators: KATZ, Leonard ; 844 North Avenue, Wauke- 

gan, IL 60085 (US). DONADIO, Stefano ; 110 Brookhill 
Road, libertyville, IL 60048 (US). MCALPINE, James, 
B. ; 211 West Roddand Road, libertyviUe. IL 60048 
(US). 

(74) Agents: GORMAN, Edward, Hoover, Jr. et aL; Abbott La- 
boratories, CHAD D-377/AP6D-2, One Abbott Park 
Road, Abbott Park, IL 60064-3500 (US). 



(81) Designated States: AU, CA, JP, KR, European patent (AT, 
BE, CH, DE, DK, ES, FR. GB, GR, IT. LU, MC, NL, 
SE). 



Published 



intemationaJ search r^it 



(54) Titie: METHOD OF DIRECTING BIOSYNTHESIS OF SPECIFIC POLYKETIDES 
(57) Abstract 

A m^od to produce novel polyketide structures by designing and introdudng specified changes in the DNA governing 
the synthesis of the polyk^de is disclosed. The biosynthesis of specific polyketide analogs is accomplished by genetic manipula- 
tion of a potyketide-produdng microorganism by isolating a polyk^de biosynthetic gene-containing DNA sequence, identifying 
enzymatic activities associated within the DNA sequence, introducing one or more spedfied changes into the DNA sequence 
which codes for one of the enzymatic activities which results m an altered DNA sequence, introdudng tiie altered DNA sequence 
into the polyk^de-produdng microorganism to replace tiie original sequence, growing a culture of tiie altered microorganism un- 
der conditions suitable for the formation of the specific polyk^de analog, and isolating the specific polyketide analog from the 
culture. The method is most us^I when the segment of the chromosome modified is involved in an enzymatic activity associated 
with polyketide Hosynthesis, particularly for manipulating polyketide synthase genes from Sacdtarapofyspora or Streptornyces. 
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METHOD OF DIRECIING BIOSYNTHESIS OF SPEOnCPOLYKEnDES 



Field of the Invention. 
5 The present invention relates to a method for directing tiie 

biosynfliesis of specific polyketide analogs by genetic manipulation. In 
particuar, polyketide biosynthetic genes are manipulated to produce 
precise, novel polyketides of predicted structure. 

1 0 Background of the Invention 

Polyketides are a large dass of natural products that indudes many 
important antibiotics and immunosuppressants such as erythromycins, 
tetracyclines, and rapamydns. Their synthesis proceeds by an ordered 
condensation of acyl esters to generate carbon chains of .var)dng length and 

1 5 substitution pattern that are later converted to mature polyketides. This 
process has long been recognized as resembling fatty add biosynthesis, but 
with important differences. Unlike a fatty add synthase, a typical 
polyketide synthase is programmed to make many choices during carbon 
chain assembly: For example, the choice of "starter" and "extender" units, 

20 which are often selected from acetate, propionate or butyrate residues in a 
defined sequence. The choice of using a full cyde of reduction- 
dehydration-reduction after some condensation steps, onutting it 
completely, or using one of two incomplete cydes (reduction alone or 
reduction followed by dehydration), which detemiines the pattern of keto 

25 or hydroxyl groups and the degree of saturation at different points in the 
chain is additionally programed. Finally the choice of stereodiemistry for 
the substituents at many of tiie carbon atoms is programmed by the 
polyketide synthase. 

Because of Hie commercial ^gnificance of Streptomyces, a great 

3 0 amount of effort has been expended in tiie study of Streptomyces genetics. 
Consequentiy much is known about Streptomyces and several doning 
vectors exist for transformations of the organism. 

Although many polyketides have been identified, there remains 
the need to obtain novel polyketide structures with enhanced properties. 

3 5 Current mefliods of obtaining such molecules indude screening of 

natural isolates and chemical modification of existing polyketides, lx>th of 
which are costiy and time consiuning. Current screening methods are 
based on gross properties of the molecule, i.e. antibacterial, antifungal 
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activity, etc., and both a priori knowledge of tiie structure of die molecules 
obtained or piedetennination of enhanced properties are virtually 
imposable. Chemical modification of preexisting structures has been 
sucoessfuUy employed, but it still suffers from practical limitations to die 
5 type of compounds obtainable, largely connected to flie poor yield of 
multisfep synflieses and available chemistry to effect modifications. The 
following modifications are extremdy difficult or inefficient at die present 
time: change of the siereochemistiy of the side chains in the completed 
polyketide; change of the length of the polyketide by removal or addition 
10 of carbon xmits from the interior of the acyl chain; and dehydnwgrlation at 
unique positions in die acyl chain. Accordingly, fliere exists the need to 
obtain molecules wheran such dianges can be spedfied and performed 
and would represent an improvement in the technology to produce 
altered polyketide molecules witii predicted structure. 

15 

giiTnTTiary nf the Invention 

The present inventum provides a mediod to produce novd. 
structures from desigrung and introducing spedfied dianges in the DNA 
governing die synfliesis of die polyketide. According to die mefliod of die 

2 0 present invention, die biosynthesis of specific polj^cedde analogs is 

accomplished by genetic manipulation of a polj^cetide-produdng 
microorganism comprising the steps ofi 

(1) isolating a polyketide biosynthetic gene-containing DNA 
25 sequaice; 

(2) identifying en^maatic activities associated within said DNA 
sequence; 

(3) introducing one or more spedfied chan^ into said DNA 
sequence which codes for one of said oizymatic activities which results in 

30 an altered DNA sequence; 

(4) introducing said altered DNA sequaice into die polyketide- 
produdng microorganism to replace the original sequence; 

(5) growing a culture of the altered microorganism under 
conditions suitable for the formaticHi of the spedGc polyketide analog; and 

3 5 (6) isolating said specific polyketide analog from die culture. 

The present method is most useful when the se gm e nt of the 
chromosome modified is involved in an enzymatic activity associated 
with polj^tide biosyndiesis. The present invention is espedally useful 
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in manipulating polyketide biosynthetic genes from Streptomyces, an 
organism which provides over one-half of the clinically useful antibiotics. 

Brief Description of tiie I3rawings 
5 FIG. 1 illustrates the organization of gene encoding polyketide 

syntiiase and designated eryA as follows: (a) Map coordinates of the DNA; 
(b) DOTPLOT of flie output of COMPARE (window = 50, stringency = 32) 
program (Sequence Anal5rsis Software Package of the Genetics Computer 
Group, University of Wisconsin, Biotedmology Center, 1710 University 

1 0 Avenue, Madison, Wisconsin 53705 of eryA s^;ment (x-axis) vs- 

subs^gment of eryA comprises between 23 - 27.5 sequence coordinates (y- 
axis) [see Rg. 2]; (c) Open reading frame organization of eryA and 
enzymatic activities encoded. FT = propionyltransferase; ACP = acyl 
carrier protein; KS=P-ketoacyl ACP synthase; RmT = (2R) methylmalonyl 
15 CoA transferase; KR =p-ketoredu : tase; SmT = (2S) metiiylmalonyl CoA 
transferase; DH = dehydratase; ER = enoylreductase; TE = tiiioesterase; and 
(d) Schematic diagram showing the extent of each of the six modules in 
eryA. 

FIG. 2. illustrates tiie nucleotide sequence of eryA with 

2 0 corresponding translation of tiie tiuee open reading frames. Standard one 

letter codes for the amino adds appear beneath their respective nucleic 
addoodons. The standard one letter codes for tiie amino add sequences 
are as follows: 



25 


A 


-alanine 




R 


-arginine 




N 


-asparagine 




D 


-aspartic add 




C 


-cysteine 


30 


Q 


-glutaoune 




E 


-glutamic add 




G 


-glydne 




H 


-hisddine 




I 


-isoleudne 


35 


L 


-leudne 




K 


-lysine 




M 


-methionine (start) 




F 


-phenylalanine 
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P -proline 

S -serine 

T -threonine 

W -tryptophan 

5 Y -tyrosine 

V -valine 



HG. 3. is a schematic representation of Type I, Type H and Type IH 
changes in eryA and structures of corresponding novel pdykeUdes 

10 produced. A69 (Type D and A33 (Type ID represent in-frame deletions of 
the base pairs in the DNA segments corresponding to the KR of module 2 
and the p-ketoacyl ACP synthase of module 2, respectively. Insertion of a 
complete copy of module 4 within module 1 is also showru Production of 
ll-epifluoro-lS-norerythromydn in strain that carries A33 occurs when 

1 5 substrate analog (2S3S,4S^S)2ytKiimeaiyl-3-fluon>-5-hydroxyhexanoic 

add-efhyl thioesta is fed. 

HG. 4 illustrates the restriction site coordinates of cosmid pRl 5" to 

the sequoice of eryA (B% 2). 



n<»hn'1pd Description of t he Livention 

Rjr tiie purposes of flie present invention as disclosed and daimed 

herdn, the ftdlowing terms are defined. 

The term "polyketide" as used reSscs to a large and divase dass of 

2 5 natural products, induding antilnotics, pigments, and 

immunosuppressants. Antibiotics indude, but are not limited to 
antiiracydines, tetracyclines, polyefters, ansamydns, macrolides of 
different types (polyenes and avemectins as wdl as classical macrolides 
such as erythromycins)- 

3 0 The term "polyketide-produdng microorganism" as used heron 

indudes any Actinomycetales vtbidx can produced a polj^etide. Examples 
of Actinomycetes fliat produce polyketides indude but are not lunited to 
Micromonospora rosaria, Micromonospora megdomicea, 
Sacharapolyspora erythraea, Streptomyces antibioHcuSr Streptomyces 
35 albireticuli, Streptomyces amhofasdens, Streptomyces avermitilis, 
Streptomyces fradiae, Streptomyces hygroscopicus, Streptomyces 
tsukubaensis, Streptomyces griseus, Streptomyces ntycttrofasdens, 
Streptomyces platensis, Streptomyces venezudae, Streptomyces 
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violaceoniger, and various Actinomadura, Dactylosporangium and 
Nocardia strains that produce polyether type of polyketides. 

The term "polyketide synthase" as used herein refers to the 
complex of enzjonatic activities responsible for the biosjmthesis of 
5 polyketides which indude but are not limited to p-ketoreductase, 

dehydratase, acyl carrier protein, enoylreductase, p-ketoacyl ACP S5mthase, 
and acyltransferase. 

The term "extender" as used herein refers to a coenzjoxie A 
thioester of a dicarbo>grlate which is incorporated into a polyketide by a 
1 0 polyketide synthase. 

The term "starter" as used herein refers to a coenzyme A thioester 
of a carboxylic add which is used by the polyketide synthase as the first 
building block of the polyketide. 

The term "eryA" as used herein refers to the genes involved in the 
1 5 formation of the polyketide moiety of erythromycin. 

Hie term "condensation" as used herein refers to the addition of an 
extender unit out to the nascent polyketide chain and requires the action 
of p-ketoacyl ACP synthase, acyltransfo-ase, and acyl carrier protdn. 

The term "p-carbonyl processing" as used herein refers to changes 
2 0 effecting the carbonyl group of tiie growing polyketide via P-ketoreductase, 
dehydratase, and enoylreductase. 

The term "module" as used herein refers to the genetic element 
^coding one condensation step, as defined above, and one p-carbonyl 
processing step, as defined herdn* 

2 5 The term 'Type I change" as used herein r^ers to changes in DNA 

sequence which will result in the production of polyketide rings of length 
identical to that of 6-deoxyerythronolide A, but with altered functional 
groups at specific ring positions. 

The term Type n diange" as used herein refers to alterations 

3 0 which will result in tiie production of macrolide rings only when fed 

exogenously with substrate analogs, e.g.thioesters of appropriate acyl 
compoimds of various length. Thus Type n mutants are erythromycin 
non-produdng (Ery) mutants. The structure of the resulting macrolides 
will depend on the substrate employed. 
3 5 The term 'Type HI change" as used herein refers to alterations 

which will result in the biosynthesis of macrolide rings of length reduced 
(deletion) or increased (insertion) by two carbon vmits, or macrolide rings 
altered in specific portions of the chain (replacement). 
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In its broadest senses &e present invention entails a general 
procedure for producing novd polyketide structures in vivo by 
selectively altering the genetic information of the organism tttat naturally 
produces a related pdyketide. A set of examples described herdn are a 
5 series of novel pdyketldes Aat make use of the genetic information for 
the biosynthesis of the polyketide portion of ^ macrolide antibiotic 
erythromycin. The organization of the segment of the Saccharapolyspora 
erythraea chromosome, designated oyA, and the corresponding 
polypeptides which it encodes fliat determine flie Wosynthesis of the 

1 0 polyketide segment of eryfluomydn, are shown in HG. TU It is seen fliat 
eryA is organized in modules/ as shown, and that eadi module takes care 
of one condoisation ebep, Arough tiie action of flie ^-keft)aqrl ACP 
ayntiiase specified wiiJun, wherein an extaider unltr meflijtoalonyl CoA^ 
is added first to the starter unit, propionjrt CoA, and tiien to fl»e 

15 successively growing acyl chain. The predse succession of elongation 
steps is dictated by the genetic order of ^ six modules: modulel 
determines fte first condensation; module 2, tiie second; module 3, &e 
third, and so on until the sbcth condensation step has occurred. 
Furthermore, the processing of the growing chain after cadi condensation 

20 is also determined by Oie information wi&iri each module. Thus^ 

ketoreduction of the p-carbonyl takes place after eadi step except fior step 3, 
as determined by ^ presence of a functional p-ketoreductase hi all 

modules except module 3, whereas ddiydraflon and enojiredudion only 
take place after the fourfti extender unit is added to tiie gcowfaig acyl diain, 
25 as determined by tiie presence of dehydratase and enoylreductase in 

module 4. Furthermore, ttie dioioe of tite correct eaantiomer C2R or 2S) of 
medt^malonyi-CoA as flie extender unit employed at each condensation 
is specified by the acyltransferase function determined by eadi module 

(FIG. IC). 

30 In the present invention, novel polyketide molecules of desired 

structure are produced 1^ tiie intr6duction of specific genetic alterations of 
tiie eryA sequence into flie Sac. erythraea chromosome. The complete 
nudeotide sequence of the eryA segment of tiie Sac. ery&traea 
diromosome and the sequence of the correspondhig polypeptides are 

35 shDwninnG.2. Three types of alterations to tiie ayA DNA sequence are 
described: (i) those inactivating a single function in a module whidi does 
not arrest aqrl d»ain growth (P-ketoreductase, dehydratase, or 
osoybeductase); Gi) tiiose inactivating a singjle functi n in a module 
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which does arrest chain growth (p-ketoacyl ACP synthase, acyltransferase 
or acyl carrier protein); and (iii) tiiose affecting an entire module (deletion, 
insertion, or replacement). The novel polyketides produced by strains 
carrying tiiese types of mutations can be classified accordingly. Type I 
5 changes will result in the production of polyketide rings of lengtii 

identical to that of 6-deoxyerythronolide A, but with altered functional 
groups at specific ring p)ositions. Strains carrying type n alterations will 
result in tiie production of macrolide rings only when fed exogenously 
with substrate analogs, e.g.thioesters of appropriate acyl compotmds of 

1 0 various length. Thus Type II mutants are erythromycin non-produdng 
(Ery") mutants. The structure of tiie resulting macrolides will depend on 
tiie substrate employed. Type m changes will result in the biosynthesis of 
macrolide rings of lengtti reduced (deletion) or increased (insertion) by 
two carbon tmits, or macrolide rings altered in specific portions of flie 

1 5 chain (replacement). A schematic representation of some examples of 
Type I, Type n and Type HI alterations in ery A and the corresponding 
novel polyketides produced in hosts titat carry such alterations is shown 
inEIG.3. 

In the examples described herein, specific mutations in tiie ery A 

20 region of the Sac. eryOiraea chromosome are introduced by a simple two- 
step approach: 1) introduction of a specified change in a doned DNA 
segment; 2) exchange of the wild type allele with the mutated one. Step 1 
requires standard recombinant DNA manipulations employing E. coli as 
the host. Step 2 requires one or more plasmids out of the several E, coli- 

25 Sac. erythraea shutfle vectors available and a simple screening procedure 
for the presence of the colony carrying tiie altered gene. Two mefliods are 
used to introduce tiie altered allele into flie chromosome to replace the 
wild type allele. The first employs gene replacement, described in 
Examples 7, 11, 15, 19 and 24, wherdn tiie gene to be altered, along wifli 

3 0 adjacent upstream and downstream DNA, is mutated and doned into a 
Sac. erythraea non-replicating vector. The plasmid carrying tiie altered 
allele is then introduced into the host strain by transformation of 
protoplasts employing selection for a plasmid marker. Since the plasmid 
does not replicate, regenerated cdls that carry the marker have undergone 

3 5 a single homologous recombination between one of the two segments 

flanking the mutation on the plasmid and its homologous coimterpart in 
the chromosome. Some of the colonies that have subsequentiy lost the 
marker will have undergone a second recombination between the other 
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plasmid borne adjacent DNA segment and its honiologous chromosomal 
counterpart resulting in the retention of the mutation in the 
chromosome, replacing the normal aUele with the mutant one. The 
second method to introduce an altered aUele into the chromosome 
5 employs gene conversion, described in Examples 37 and 43. Ltitiiis 
method, an Ery" Sac. erythraea strain carrying a deletion of a specified 
region of the CTyA segment of the chromosome is used as a host Ihtoa 
Sac. erythraea multicopy plasmid that carries a selectable marker is doned 
the wild type counterpart (segment 1) of the eryA segment mutant ia the 

10 host Subsequentiy, the desired homologous or heterologous DNA 
segment to be introduced (segment 2) is cloned within the portion of 
segment 1 which is deleted in the mutant strain. The resulting plasmid is 
then introduced into tiie host employing selection for tiie marker. 
Among the transformants will be a population ttiat have int^rated 

15 segments land 2 from the plasmid by flie process of gene conversion 

whidi can be verified by examination of flie DNA among flie cokmies tiiat 
have recovofid tiie ability to produce oythromydn. 

Two examples each of Types I, E and m alterations to flie eryA DNA 
sequeioe and tiie resultant novel polyketides produced are described in 

20 flie examples described haein. Examples 1 fliroug^ 8, 9 fliroug^i 12 and 13 
flirough 16 describe flie construction and e£6ect of three Type I mutants. 
Examples 17 flirough 22 and 23 through 27 describe flie construction of 
two Type n mutants and tiie effiects of feeding two different synflietic 
substrates to tiie mutant stiains. Examples 28 ttiioug^ 38 and 39 flirough 

25 44 oufline flie steps in constructing Type in changes and their respective 
effects on tiie stiiicture of flie novel pol^setides produced. Examples 1 
flirou^ 7 a plasmid tiiat contains a substantial deletion of the segment of 
flie gene corresponding to tiie b-ketoreductase of module 5 is created, flie 

altered gene is inserted into flie Sac. erythraea chromosome to replace flie 
30 wikl type allde and flie new strain carrying tiie altered gene is identified 

and isolated, hi Example 8, flie new stiain is fermented and tiie novel 
polyketide 5-oxo-5,6-dideoxy-3a-mycarosyl erytiironoUde B fliat results 
from the introduction of the mutant allele is isolated. In Examples 9 
throu^ 11, a mutation is introduced into tiie p-ketoredudase of module 
35 2 and flie mutated allele is then used to replace tiie wild type allele m flie 

chromosome. In Example 12, tiie stram carrying tiie altered allele is 
fermented and tiie novel compound U-oxo-ll-deoxyerytiirpmydn A is 
isolated. Similarly, in Examples 13 tiirough 16 a mutation is introduced 
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into the dehydratase of module 4 and the mutated allele is then used to 
replace the wild type allele in the chromosome. The strain carrying this 
altered allele is then fermented and the novel products 7- 
hydroxyerjrthromydn A and 6-deoxy-7-hydroxyerythromycin A are 
5 isolated. In Examples 17 through 21, a mutation is made in flie DNA 

corresponding to the p-ketoacyl-ACP synthase of module 1 and introduced 
into tiie chromosome to replace tiie wild type allele. This mutation has 
the effect of arresting the synthesis of the polyketide chain and results in 
the Ery" phenotype. The synthetic substrate (2S^R,4S^S)3,5-dihydroxy-2,4- 
1 0 dimethylhexanoic add-ethyl ester is then made and fed to the mutant 
resulting in the production of the novel compotmd (14S,15S)14(1- 
hydroxyethyDerythromydn. Similarly, in Examples 22 through 24, a 
mutation is created in the p-ketoacyl-ACP synfliase of module 2 and 
introduced into the chromosome to replace the wild type allele. In 

1 5 Example 25 and 26, the synthetic substrate (2S,3S,4S,5S)2,4-dimethyl-3- 

fluoro-5-hydro)qrhexanoic add-ethyl thioester is made and fed to the 
module 2 p-ketoacyl-ACP synthase mutant and tiie resulting novel 
compound ll-epifluoro-lS-norerythromydn is isolated. In Examples 27 
dirough 38, a copy of tiie DNA sequence corresponding to module 4 is 
20 introduced into the deleted segment of the p-ketoacyl-ACP synthase of 
module 1 resulting in the production of the novel compound 14(1- 
propyDerytfu-omydn. In Examples 40 through 44, a copy of the DNA 
sequence corresponding to module 5 is introduced into tiie deleted 
segment of the p-ketoacyl ACP synthase of module 1 resulting in tiie 

2 5 production of the novel compound 14[l(l-hydroxypropyl)]eryairomycin. 



GENERAL METHODS 

30 Materials. Plasmids and Bacterial Strains 

Restriction endonudeases, T4 DNA ligase, nick-translation kit, 
competent E. rali DH5a cells , X-gal, IPTG, and plasmids pUC19 and pUC12 
are purchased from Bethesda Research Laboratories (BRL), Gaithersburg, 
MD, [a-32p]dCTP and Hybond N are from Amersham Corp., Chicago, IL. 

3 5 Seakem LE agarose and Seaplaque low gelling temperature agarose are 
from FMC Bioproducts, Rockland, ME. E. coliK 12 strains carrying the E. 
coli-Sac, shuttle plasmids pWHM3 or pWHM4 (Vara et al, J. BacterioL. 
171: 5872 (1989)) or the cosmids pSl (Tuan et aL .Gene, 90: 21 (1990)) and 
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Sac. eryfhraea strain NRRL2338 have been deposited in the culture 
collection of the Agricultural Research Laboratories, Peoria, IL and are 
available xmder flie accession numbers NRRL XXX)C respectively. 
Sfaph yloooccus aureus Th^ (tiuostrepton resistant) is obtained by plating 
5 10^ rpiis of S. aureus on agar medium containing 10 mg/ ml tidostr^rton 
and piddng a survivor after 48 hr gtowfli at ST^C Thiostrepton is 
obtained from Squibb-Bristol Myers, New Brunswid^ NJ. AU other 
chanical and reagents are from standard commercial sources unless 
specified otherwise. 

10 

DNA Manipulations 

Standard conditions (Maniatis et al.. Molecular aoning. A 
T^boratorv Manual. Cold Spring Harbor Laboratory, Cold Spring Harbor, 
N.Y., 1982) are employed for restriction endonudease digestion, agarose 

1 5 gel-electrophoresis, nick translation of DNA to make 32p.iabeled probes, 
DNA ligation, and transformation of E- employing sdection for 
^pipinilm reasfance (ApR) on LB agar plates. Plasmid DNA is isolated 
from minipreps of E. fflU transfonnants by ttie boiling mediod (Maniatis 
gfraL. 1982. supra) . DNA fragments are recovered from low mdting 

20 agarose gels using tiie method of LangridgeetaL,im TotalDNAfrom 
Sac erythraea strains is prepared according to described procedures 
(Ifopwood Onpyric Manipulation of Streptomvoes, A Laboratory 
M-annal. John Lmes Foundation, Norwidi, UJC, 1985). DNA is 
transferred from agarose gels onto Hybond N following the 

25 manufectura's instructions. Hybridizations are performed in sealed bags 
containing 10-20 ml of [IxNET CZOxNET = 3 M NaQ, 03 M TrisHO, 20 mM 
Na2EDTA, pH 8.0), SXDenhardf s solution (Maniatis et aL, 1982, supra), 0.2 
mg/ml denatured calf tiiymus DNA, SDS, and 05-2x10^ cpm of fte 
nidc-translated probe] for 16-20 hr at 65 OC Hlters are washed fliree times 

30 in l3cNET/0.1% SDS for 20 min each at room temperature, and once in 
0.053dMEr/0.1% SDS for 20 min at 70 Hlfers are reused as described 
(DonadioetaL,1990)- 

Amplifiratio n of DNA fragments 
3 5 Synthetic deojqroligonudeotides are syntiiesized on an ABI Model 

380A synthesizer (Applied Biosystems, Foster City, CA) following ttie 
manufacturer's recommendations. Amplification of DNA fragments is 
performed by the polymerase diain reaction (PCR) employing a Coy 
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thennocyder. Reactions contain 100 pmol c ^ch primer, 1 jig of template 
DNA (cosmid pSl carrying the eryA segmen- .rom Sac. erytfaraea strain 
NRKL 2338), and 23 units of Thermus aquaticus DNA polymerase in a 100 
ml volume of PGR buffer [50 mM KQ, 10 mM TrisHQ (pH 8.0) 2 mM 
5 Mga2/ 0-01% gelatin) containing 200 mM of the 4 dNTPs. The above 

reagents are from Perkin Elmer Cetus, Norwalk, CT. The reaction mixture 
is overlaid witii a drop of paraffin oil and subjected to 30-50 cjrdes. Each 
cyde consists of one 94 one 55 ^ and one 72 period, each of the 
duration of 3 min. The progress of the amplification is monitored by 
10 agarose gel-dectrophoresis. The PGR primers described in tiie examples 
below are derived from the nucleotide sequence of eryA of FIG* Z 

Gene replacement and gene conversion 

Protoplasts of Sac. erythraea strains are prepared and transformed 

1 5 with miniprep DNA isolated from E. otK according to published 

procedures (Yamamoto et al., 1986). Integrative transformantS/ in the case 
of pWHM3 doivatives, are selected after one round of non-sdective 
growth of the primary Th^^ transformants as described by Weber et al, 
Gene> 68: 173 (1988). Loss of ttie Th^ phenotype is monitored by plating 

20 serial dilutions of a Th*^ integrant on non-selective xnectiiun, followed by 
replica-plating on thiostrepton-containing medium. Th^ (thiostrepton- 
sensitive) colonies arise at a frequency of 10"^ (Donadio et aL, 1990), The 
retention of the mutant allele is established by Southern hybridization of a 
few ThS colonies. 

25 - A few himdred Th'^ colonies obtained by transformation of an eryA 

strain with pWHM4 derivatives are screened for antibiotic production by 
the agar-plug assay employing Staphylococcus aureus as Th^ organism as 
described (Juan et aL ^Gene, 90: 21 (1990)). The frequency of gene 
conversion between a 5 kb segment of homologous sequence and a strain 

30 carrying a small ddetion is >25% (Tixan et aI.,G«ie, 90: 21 (1990)). Colonies 
found to produce antibiotic activity are inoculated in SGGP (Yamamoto et 
si,, 1986), protoplasts are prepared, and the regenerated protoplasts are 
scored for loss of the plasmid by replica-plating on non-selective mediiun. 
ThS coloiues are tiien rechedced for antibiotic production, and six 

3 5 producers are analyzed on Soutiiem blots. 
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Fermentatioii 

Sac grythraea cells are inoculated into 100 ml SCM medium (13% 
soluble starch, 2.0% Soytone [Difbo], 0.15% Yeast Extract piloo], 0.01% 
Caa2) and allowed to grow at 320C for 3 to 6 days. The entire culture is 
5 then inoculated into 10 liters of firesh SCM medium. The fennenter is 
operated for a period of 7 days at 320C maintaining constant aeration and 
pH at 7.0. After fiermentation is complete, the cells are removed by 
centiifugation at 40C and tiie fermentation beer is kept in the cold until 
further use. 

1 0 The present invention will now be illustrated, but is not intended 

to be limited, by die following examples: 

Fvam ple 1 
Construction of plasmid pABX9 

15 

The 9jS kb BamH I -XhoI segment comprised between sequence 
coordinates 21.96 and 3152 was isolated ficom cosmid pSl and ligated to 
Sall-digested pUC19 PNA. The resulting mixture contained tiie desired 
plasmid pABX9. 

20 

P.vaTtiple 2 
CnTistmction of E. mli K12 DH5g/pABX9 

Approximately 10 ng of plasmid pABX9, prepared as described in 
25 Example 1, were transformed into E. Mi K12DH5a and a few of the 
resulting white Ap^ colonies that appeared on &e LB-agar plates 
containing X-gal and ampidllin were analyzed for Aeir plasmid content 
One cokmy was foumd to carry pASX9, as vodfied by flie obsCTvatim of 
fragments of 3.93, 339, 2.01, 136, 037, and 0.48 kb in size upon agarose gel 
3 0 electrophoresis after Smal digestion of the plasmid. 

Byample 3 
Construction of plasmid pAB)®PN 

3 5 Plasmid pABX9, isolated from E. coliK12 DH5a/pABX9, was 

digested with Ncol and then treated with T4 DNA ligase. The resulting 
mixture contained the desired plasmid pABXSDN. 
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Example 4 

Construction of E> coK K12 DH5a/pABX9DN 

Approximately 10 ng of plasmid pABX9DN, prepared as described 
5 in Example 3/ were transformed into E. od[i K12 DH5a and a few of the 
resulting white Ap^ colonies that appeared on the LB-agar plates 
containing X-gal and ampidllin were analyzed for tiieir plasmid content 
Colonies carrying pABX9DN exhibited a single Ncol fragment of 11-5 kb 
visible by agarose gel electrophoresis/ confirming that the 813 bp Ncol - 

1 0 Ncol fragment from pABX9 has been deleted in p ABX9DN- 

Example 5 
Construction of plasmid pABX95DN 

1 5 Plasmid pABX95DN was digested witii EcoRI and Hmdm and 

ligated to pWHM3 digested with the same two enzymes. The resulting 
mixture contained flie desired plasmid pABX95DN. 

Example 6 

20 Construction of R coh K12 DH5a/pABX95DN 

Approximately 10 ng of plasmid pABX95DN, prepared as described 
in Example 5, were transformed into E. coli K12 DH5a and a few of the 
resulting white Ap^ colonies that appeared on tiie LB-agar plates 

2 5 containing X-gal and ampidllin were analyzed for their plasmid content 

Colonies carrying pABX95DN exhibited fragments of 8.8 and 7.2 kb visible 
in agarose gels after EcoR I and HindUI digestion. 

Example 7 

30 Construction of Sac, erythraea AKR5 carrying die eryAKRS allele by gene 

replacement 

Approximately 1 mg of plasmid pABX95DN, isolated from E. 
K12 DH5a/pABX95DN, was transformed into Sac. erythraea NRRL 2338 

3 5 and stable Th^ colonies were isolated. Serial dilutions of one of these 

colonies were screened for the loss of the antibiotic resistance marker and 
total DNA from 5 Th^ colonies as well as from untransformed Sac. • 
erythraea NRRL 2338 was digested witii SstI and analyzed by Southern 
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hybridization employing die 0^ kb Saff fragment between sequence 
coordinates 2426 and 25.06 (from pABX9) as probe. Whereas NREL 2338 
showed one feff band of 3.7 kb tiiat hybridized to the probe, samples from 
four of tiie ThS strains exhibited a Sstl-hyfaridizing band of 6.1 kb 
5 indicating the presence of the mutant allele. One of these cotonies was 
kept and deagnated strain AKR5. It carries a deletion of 813 bp in flieKRS 
s^ment of en/ A and is designated die eryAKR5 allele 

Fyam ple 8 

10 Isolation, purification and propotips of 5-oxo -5.6-dideoxv-3-a-mvcarosyl 

pr yfhronolide B from Sac grythraea AKR5 

A lO-Bfer fermentation of Sac erytitrea AKR5 carrying tiie exjAKBS 
allde in a Biolafitte fermentor using SNC Media. The ftamentor was 

15 inoculated with 100 ml of a 3 day <dd seed. ThepOi wasinitiaUy80ppm 
and the temperature was maintained at 32^0 The pH was amtiolled to 
7.0 ± 0.2 by addition of propicmic add or potassium hydroxide as needed. 
At harvest (3 days), the whole broth was extracted fliree times with 4rliter 
portions of e&ylacetate. The combined extracts woe concentrated imda: 

20 reduced pressure and tiie residue was diromatographed on a colimm (50 x 
5 cm) of silica gel packed and loaded in toluene and duted witit a stepwise 
gradient of increasing concentration of isopropanol in toluene Rractions 
WOK analyzed by TLC and spots wore cfetected by spraying with 
anisaldehyde sulfuric add spray reagoat and heating. A m^r componait 

2 5 ^ving bhie colored spots eluted with ^jproximatdy 7% isopropanoL 
Fractions containing this material were combined and concentrated to a 
residue (800 mg). This was furtiier chromatographed on a column (100 x 
3 cm) of S^hadec LH-20 in diloroform-heptane-ethanol, 10:10:1, v/v/v. 
Fractions were analyzed as above, eariy fractions (9-13) yielded 5,6-dideoxy^ 

30 3-armycaiosyi-5H>xoeryam)nolideB (45 m^v^^iich was crystallized from. 

heptane/eth^acetate mixture to mp 163-164 'C 
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CMR spectrum in C3X13 (ppm downfield trom. TMS) 
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Structure was determined by single crystal X-ray diffraction. 
5 Later fractions (15-17) yielded 5,6-dideoxy-5-oxoerytiironolide B 

(10 mg) and still later fractions yidded 5,6-dideoxy-6^a-epoxy-5- 
oxoerytiironolide B (Z8 mg). 

10 Fvan^plp Q 

Construction of plasmid pALeryAKR2 

The 13 kb DNA segment comprised between coordinates 8.63-9.93 
(fragment 1) is amplified by PGR employing two oligodeoj^udeotides, la 
1 5 (5'-GGGAGCATGCTXnCGGTX3CGCGGCGC^ and lb (5'- 

GCCaXXIAGCGCGTACTCCGAGGTCGCGGT-^^^^ Similarly, the 1.3 kb 
DNA segment between coordinates 9.99-11.26 (fragment 2) is PCR- 
amplified employing primers 2a (5*- 

TGGTCTGCAGGCGAGGCCGGACACCGAGG-y) and 2b (5'- 
20 GGAAGAAGTCAAAGTrcCTCGGTCCCTTCT-3^^^ After digestion with 
SphI + Fsa (fragment 1 ) and Fsa + EcoRI (fragment 2), the two fragments 
are Ugated to EotRI + SpM-digested pWHM3. The resultant mixture 
contains tiie desired plasmid pALeryAKR2. 
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PvatnpTe 10 

rr>nchnrhV»n of E. coU in2 DH5a/pALervAKR2 

Approximately 10 ng of plasmid pALeiyAKR2, prepared as 
5 described in Example 9, are transformed into E.c^Ba2DH5otaiid a fi^ 

of the resulting white ApR colonies that appear on flie LB-agar plates 
containing X-gal and ampidllin are analyzed for thdr plasmid content 
The identity of plasmid p ALeryA2KR2, 9.8 kb in size, and carrying a 2-6 kb 
E^RI-S^ insert with an internal M sit^ is verified by gaU digestion 
1 0 (fragments at2.91,Z21, 1.61, 1.42, 0.29, 0.12 and 0.10 kb arereleased, 
visible by agarose gel electrophoresis). pALeryAKR2 contains an in-frame 
deletion of 102 base pairs of the corresponding segment of the wild type 
<jryA chromosomal DN A. The doned segment in pALeryAKR2 is 
designated flie eryAKR2 allele. 

15 

Example 11 

rr^^irtiem of Sac eryrtirapa AKR2 g uTyin^ the ervAlgR2 allele by gene 

replacement 

20 Approximately 1 mg of plasmid pALeryAKR2, isolated from R c^ 

K12 DH5a/pALeryAKR2, is transformed into Sac. ayfftraea protoplasts 
and stable ThR colonies are isolated. Serial dUutions of one of these 
colonies are screened for loss of the anfibiolic reastance marker, and sbc 

ThS coksnies are analyzed for their genotype by Southern hybridization. 

25 Total DNA from tiie sfac ThS colonies and from untransformed Sac. 
CTyflira^ NFRL2338 is digested with ^ and with and is tiien 
exammed by Sou&em hybridization using the 2.6 Id) EooRI-Spli insert 
from pALeryAKR2 as probe. Whereas NRRL2338 contains a 39 Id) Pgff 
hybridizing band, colonies in which the mutation in KR2 has been 

30 introduced (strain AKR2) exhibit two bands of proximately equal 

intensity, one at 27 W) and the other at 12 Id). The S^ digest, wifti bands at 
1.04, 0.75, 029, 0.12 and 0.10 kb common to NKRL2338 and AKSl, but with 
the 1.16 kb band in NKRL2338 replaced by the 1.06 kb band in AKR2, 
confirms that the only change introduced into sfrain AKR2 is fiie deletion 

35 of ttie 102 bp segment from KB2, resulting in a strain carrying tiie 

ervABJQ allele 
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Tsnlarion and piirification o f 11-deoxv-n-oxoervthromYdn A 

The f ermentatioii beer of strain AKR2, cooled to 4*0 is adjusted to 
5 pH 8.0 and is extracted sequentiaUy with three equal volumes of 

methylene chloride. The combined methylene extracts are concentrated to 
an crily residue and partitioned between heptane and meflianoL The 
methanol layer is removed, washed once witii heptane and concentrated 
to a residue. The residue is digested in methylene chloride and washed 

1 0 once with potassium phosphate buffer pH 7.8 and once with water. The 
methylene chloride layer is concentrated to a residue and digested in the 
lower phase (1:1:1, v/v/v) of a carbon tetrachloride; methanol; aqueous 
phosphate bu^ (0.05 M, pH 7.0) system and chromatographed on an Ito 
Coil Planet Centrifuge in the same system. Fractions containing the 

1 5 desired ll-oxo-ll-deoxyerythromydn A were combined, concentrated, 

digested in methylene chloride, washed weU with water and concentrated 
on rotary evaporator under reduced pressure to yield 11-deoxy-ll- 
oxofiythromydn A as an off-white soUd froth. Its identity is confirmed by 
comparison with antibiotic L53-18A. ll-Deoxy-ll-oxoerythramydn A is 

20 dissolved in tetrahydrofuran and the solution is dUuted with an equal 
volume of water. This is then addified to pH 4.0 and aUowed to stand at 
room temperature for 4 hours. The pH is adjusted to 9.0 and the solution 
is diluted witii an equal volume of water and extracted with two volumes 
of mettiylene chloride The combined methylene chloride extracts were 

25 evaporated to dryness under reduced pressure to yield antibiotic L53-18A 

as a white solid. 



30 



P.vam ple 13 
Constructinn of plasm iH pAT^rYADH4 



Primers 3a (GCGCG AGCTCGACGACCAGGGCGGCATGCn and 3b 
(GGTCGCATCCTGCGACCACTGCGCGTCGGC) are used to PGR-amplify 
the 1.05 kb eryA segment of tiae Sac erythraea chromosome between 
sequence coordinates 18.47-20.07 (fragment 3), and primers 4a 
3 5 (AGCIGCATGCrCTGGACTGGGGACGGCTAG) and 4b 

(CGCGGGATCCCAG<rrCCCACGCCGATACCG) are used to amplify the 
1.35 kb segment between sequence coordinates 20.58-21.96 (fragment 4) as 
described in Example 1. Fragment 3 and 4, after digestion witii S§a + SgM 
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and with SpM + BamH I, respectively, are ligated to SstT BamH I-digested 
pWHM3. The resulting ligation mixture contains the desired plasmid 
pALeryADH4. 

5 Example 14 

Construction of E. ooli K12 DH5a/pALervADH4 



Approximately 10 ng of pALeryADH4, prepared as described in 
Example 13, are transformed transformed info R ooli K 12 DHSo^ and a fovyr 

10 of the resulting white Ap^ colonies tiiat appear on flie LB-agar plates 
containing X-gal and ampidllin are analyzed for their plasmid content. 
The identity of plasmid pALeryADH4, 9.6 kb in size, is verified by SphI + 
EcoRI digestion (fragments at 7X 135 and 1.05 kb are released)^ 
pALeryADH4 carries a ^8 base pair in-frame deletion of the 

1 5 corresponding s^^ient of tiie wild type eryA DNA. The doned segment 
in p ALeryADH4 is designated the eryADH4 allele. 

Example 15 

Construction of Sac, eryfliraea ADH4 carrying the eryADH4 allele by gene 
20 replacement 

Approximately 1 mg of plasmid p-^.eryADH4, isolated from E. ooli 
K12 D H5a/pALeryADH4. is used for transformation into Sac ery&traea 
protoplasts and stable Th^ colonies are isolated. Serial dilutions of one of 

25 tiiese colonies are screened for loss of the antibiotic resistance marker, and 
six ThS colonies are analyzed for their genotype by Soutiiem 
hybridization. Total DNA from the six Th^ colonies and from 
untransf ormed Sac. erjfthraea NKRL2338 is digested witii SphI and with 
and examined by Southern hybridization using the 24 M> Sstl-BamH I 

3 0 insert from pALeryADH4 as probe. Strains in ^>^uch the wild allele 
has been replaced by the mutated copy show two SphI bands, one at 135 kb 
and the other at 124 kb, whereas tiie wild t^pe strain exhibits a sin^e band 
at26kb. The feff pattern, with the 29 kb band from NREa2338 being 
replaced in ADH4 by a 25 kb band, confirms that tiie 487 bp deletion 

3 5 created in plasmid p ALeryADH4 has been transferred into flie 

chromosome of ADH4. Strains tiiat carry flie eryADH4 allele in place of 
the wild type sequence are designated Sac, erytfaraea ADH4. 
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F.yamplp Ifi 

Isolation and characterization of 7-hydroxyerythromydn A and 6-deoxv-7- 

hydroxyerythromydn A 

5 The fermentation beer of strain ADH4 is cooled to Af'C and tiie pH is 

adjusted to 5.0. The mixture is extracted once with an equal volume of 
mediylene chloride The pH of ttie aqueous layer is readjusted to 9.0 and 
two further methylene chloride extracts are carried out These two extracts 
are combined, washed with water and concentrated to a residue. This is 

1 0 digested in 10 ml of the upper phase of a (3:75, v/v/v) mixture of hexane, 
ethylaoetale, aqueous phosphate buffer (0.05 pH 7.5) and 
chromatographed on an Ito Coil Planet Centrifuge in flie same system. 
Fractions containing flie desired 7-hy droxyerythromy dn were combined/ 
concentrated, and partitioned between methylene chloride and dilute (pH 

1 5 93) ammonium hydroxide solution. Fractions containing tite desired 6- 
deoxy-7-hydroxyerythromydn were combined, conomtrated, and 
partitioned between methylene chloride and dilute (pH 93) ammonium 
hydroxide solutioru The me&ylene chloride layers are washed with water 
and tiim concentrated to yield the desired 7-hydro)^€ryttiromydn A and 

2 0 6-deoxy-7-hydroxyerythromydn A as white foams. 

Example 17 
Construction of plasmid pALeryAlSl 

25 The 1.4 kb segment of eryA , between sequence coordinates 1.11-254 

(fragmeit 5) and the 15 kb segment between sequaice coordinates 2.88- 
437 (fragment 6) are PCR-amplified using primers 5a 
CrcCAGAATICGCrcGCCGCGCTCTGGCGCT) and 5b 
(GAGAGCTGCAGCATGAGCCGCTGCrGCGGG), and 6a 

3 0 (CATGCTGCAGGACTTCAGCCGG ATX3AACrC) and fib 

(GAGG AAGCTTCCAGCCGGTCCAGTICGTCC), respectively, as described 
m Example9. After digestion wi A EooRI + Psfl (fragment 5) and ^fl + 
Hindi n (fragment 6), ttie two fragments are ligated to EcoR I + Hindi n- 
digested pWHM3. The resulting mixture contains the desired plasmid 
35 pALeryAKSl. 
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rnTisfnirfion of E. mli K12 DIff a /pALcrvAKSl 

Approximafely 10 ng of pALeryABCSl, prepared as described in 
5 Example 17, are transformed into E. colLK12 DHSa^ and a few of the 

resulting white Ap^ colonies that appear on the LB-agar plates containing 
X-gal and ampidllin are analyzed for their plasmid content The identity 
of plasmid pALeryAKSl, 10.1 kb in size;, is verified by digestion with Psff 
+ EBnHTTT (fragments of 8.6 and 1.5 kb are observed by agarose gd 
1 0 electrophoresis) and wifli Sail (fragments of 2.93, 2.21, 1.42, 137, 0.86, 0.54, 
0.27, 0.14, 0.13, and 0.10 kb are observed). pALeryAKSl carries an in-frame 
ddetion of 282 base pairs of the corresponding wild type cry A DNA. The 
daned insert in plasmid pALeryAKSl is designated the eryAKSl allde 

15 Pvawplp 19 

rnnsfrurtion of Sac Prvdiraea AK Sl carrying the ervAKSl allele 1^ gene 

replacement 

Approximately 1 mg of plasmid pALeryAKSl, isolated from E. cjJi 
20 K12 DH5a/pALeryAKSl, is used for transformatfon into Sac erytitraea 
protoplasts and stable Th^ colonies are isolated. Serial dilutions of one of 
these colonies are screened for loss of the antibiotic resistance marker, and 

sbc ThS colonies are analyzed for flieir genotype by Southern 
hybridization. Total DNA from the six ThS colonies and from 

25 unfransformed Sac. eryikraea NKRI2338 is digested witti Pstt and with 
Smal and ocamined in Soutiiem hybridizatfon employing ttie 2.9 kb 
EcoRI-IBndn insert from pALeryAKSl as probe. Colonies in which the 
wild type allele has been replaced by flje mutated copy (strain AKSl) show 
two M bands, one at 34.5 and the other at 4.4 Id>, whereas flie wild type 

30 strain esdiitets a single band at 39 Id). The amal pattern, wilh the 2.9 ld> 
band from NKi5L2338 being replaced in AKSl by a 2.6 kb band, confirms 
tiiat the 282 bp created in plasmid pALeryAKSl has been transfiored into 
strain AKSl. Strains that carry the ctjAKSI allde are designated ^ 
eryfliraea AKSl. 
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Example 20 

Synthesis of (2S3R.4S5S)33Kiihydroxv- 'y,4-HimPih Ylhexanoic a dd n-butvl 

thioester 

5 A convenient source of this compound in chiral purity is the 

antibiotic oleandomycin. Oleandomycin (5 g) is dissolved in an aprotic 
solvent such as toluene and treated with diazabicydo[5.4.0]undeoene-5 
(1 g) and heated for one hour. The resulting solution is poured into iced 
watCT, agitated well and the organic layer is drawn off and concentrated to 

10 a residue. The residue is digested in methylene chloride and treated 
exhaustivdy witii a solution of ozone. The resulting ozonide is 
pxidativdy decomposed with dilute hydrogen peroxide in suffident 
aqueous ethanol to yidd a monophasic mixture. This is further diluted 
with water and made 0.1 N with sodium hydroxide. The mixture is 

1 5 warmed for one hour at 70*^0 and then cooled before being addified to 
pH 2.5 with dilute sulfuric add. The mixture is then exhaustively 
extracted with methylene chloride The combined extracts are 
a)ncentrated to an oily residue and the desired lactone is recovered by 
chromatpgraphy on silica gd duted witii a gradient of toluene- 

20 isopropanoL 

The 5-lactone is converted to the butyl thioester before feeding to 
Sac. erythrea AKSl by refluxing with n-butylthiol in the presence of a 
catalytic amoxmt of triethylamine. 

25 Example 21 

Isolation of (14S.15S)14(l-hydroxyediid)erythromvcin A 

The fermentation brotti of AKSl is cooled to 4X and adjusted to pH 
4.0 and extracted once with methylene ddoride The aqueous layer is 

3 0 readjusted to pH 9.0 and extracted twice witii methylene ddoride and the 
combined extracts are concentrated to a solid residue. This is digested in 
medianol and duomatographed over a column of Sephadex LH-20 in 
methanol. Fractions are tested for bioactivity against a sensitive organism, 
such as Staphylococcus aureus T h^. and acdve fractions are combined. 

3 5 The combined fractions are concentrated and the residue is digested in 10 
ml of the upper phase of a solvent system consisting of n-heptane, 
benzene, acetone, isopropanol, 0.05 M, pH 7.0 aqueous phosphate buffo- 
(5:10:3:2:5, v/v/v/v/v), and diromatographed on an Ito Coil Planet 
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Centrifuge in tiie same system. Active fractions are combined, 
concentrated and partitioned between nnefliylene chloride and dilute 
ammonium hydroxide (pH 9.0). The metiiylene chloride Uyer is 
separated and concentrated to yield the desired product as a white foam. 

5 

Example 22 
rnnstruction of plasmid pA LeryAKS2 

Primers 7a (CCXICCGAATrCGAGCXZGCTGGGCGCCCGGAC) and 7b 
1 0 (CCACCIGCAGCGCGGGACCnCCAGCCCa, and primers 8a 
(GTOSGTCGCTGCAGACGGTGACTGCGG) and 8b 
(GGTCAAGCrrCGTCGGCGAGCAGCTICrC) are used to PCR-amplify 
the 1.45 Id? eryA s^ment between sequence coordinates 5.71-7.16 
(fragment 7) and the 1.5 kb eryA segment between sequence coordinates 
15 7.22-8.70 (fragment 8), respectively. After digestion wifliEcgRI+^ 
(fragment 7) and with M + IMJH (fragment 8), the two fragments are 
HgafedtopWHM3cutwitiiEroRI + i^i^ The resulting mixture 
contains fte desired plasmid pALayAKS2. 

20 Fvam ple 23 

rnnstruction of E. ooU K12 D Hy«^pALeryAKS2 

Approximately 10 ng of pALeryAKS2, prepared as described in 
Example 22, are transformed into E. coILK12 DH5a, and a few of the 

2 5 resulting white ApR colonies fliat appear on tiie LB^agar plates containing 

X-gal and ampidllin are analyzed for their plasmid content The identify 
of plasmid pALeryAKS2, 10.1 kb in size, is verified by digestion witii ^ 
+ HinHTTT (fragments of 8.6 and 1.5 kb are observed by agarose gel 
electrophoresis) and wifli &ar (fragments of 40, 23, 2.0, 0.72, 0.43, 0.40, 

3 0 0.20, 0.18, 0.13 and 0.11 kb observed). Plasmid pALeryAKS2 carries an in- 

frame deletion of 60 base pairs of the corresponding wiM type eryA DNA. 
This deletion removes tiie active site cysteine from KS2- The doned 
insert in plasmid p ALeryAKS2 is designated flie eryAKS2 allele 
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Exatnplp 24 

Consiniction of Sac ervthraea AKS2 carrying the erv AKS2 aUele bv gene 

replacement 

5 Approximatfily 1 ing of plasxnid pALeryAKS2, isolated from E. coU 

K12 DH5a/pALeryAKS2, is used for transformation into Sac ervthraea 
protoplasts and stable Th^ colonies are isolated. Serial dilutions of one of 
tiiese colonies are screened for loss of the antibiotic resistance marker, and 
six ThS colonies are analyzed for their genotype by Soutiiem 

10 hybridizatioru Total DNA from tiie sfac ThS colonies and firom 

untransformed Sac. erythraea NRRL2338 is digested witii Psfl and with 
Sstn and examined in Soutiiem hybridization employing tiie 2.9 kb EraRI- 
ifindn insert from pALeryAKS2 as probe. Colonies in which tiie wild type 
allele has been replaced by flte mutated copy (strain Ai^) show two 

1 5 bands, one at 34.5 and flie otiier at 4.4 kb, whereas the wild type strain 
e)dubitsasinglebandat39kb. The §sfll pattern, with the 0.78 kb band 
from NRRL2338 being replaced in AKS2 by a 0.72 kb band, confirms that 
the 60 bp created in plasmid pALeryAKS2 has been transferred into strain 
AK5Z. Sirains that carry die ery AKS2 allele are designated Sac ervthraea 

20 AKS2. 

Example 25 

Synthesis of (2R3IL4S,5R)2,^iTnPfrhYl-3'fluoro-5-hydroxvh^ canoic add n- 

butyl thioester 

25 

(2R,3S,4S,5R)3,5-Dihydroxy-2,4-dimethylhexanoic add-6-lactone (1 
g) from Example 20 is digested in 10 ml of pyridine and treated wiflip- 
toluenesulfonyl chloride {13 0 and allowed to stand at room temperature 
overnight The iruxture is poured into ired water and extracted with 

3 0 mettiylene chloride and the metii^ene ddoride is concentrated to tiie . 
crude sulfonate ester. This is digested in acetonitrile (100 ml) and heated 
under reflux after the addition of tetrabutylammoruiun fluoride (1.75 g). 
After 6 hours the mixture is cooled, poured over iced water (300 ml) and 
extracted tiiree times with 200 ml portions of methylene chloride. The 

3 5 combined mefliylene chloride extracts were concentrated and tiie residue 
was chromatographed on a column of silica gel eluted witii a stepwise 
gradient of isopropanol (0 to 50%) in toluene. Fractions containing' 
(2R3R,4S,5I02,4-dimethyl-3-fluoro-5-hydroxyhexanoic add.d-lactone were 
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combined and concentrated to a white solid. The lactone is flien 
converted to the n-butyl thiolester by refluxing in n-butyl fliiol with a 
catalytic amount of triethylamine. Solvent is removed and the residue is 
digested in DMSO before feeding to fermentations of Sac. erytfaraea AKSZ 

5 

Isolation and ptirification of ll-epifluoro-lS-norervt hromydn A 

The fermentation broth of strain AKSZ is cooled to 4**C and adjusted 
10 to pH 4.0 and extracted once with efliylacetata The aqueous layer is 

adjusted to pH 9.0 and extracted twice wifti methylene chloride and flie 
combined extracts are concentrated to a white solid. This is 
chromatographed over a column of Sephadex LH-20 in a mixture of 
heptane, chloroform, ethanol (10:10:1, v/v/v) and fractions containing the 
15 desired product are combined and concentrated to a solid residue This is 
fiirfher purified by coimtercurrent chromatography on an Ito Coil Planet 
Centrifuge an a sj^stem composed of carbon tetrachloride; methanol; 0.05 
M; pH 7.0 aqueous potassium phosphate buffier (1:1:1, v/ v/ v). Fractions 
containing the desired ll-epifluoro-lS-noreryflttomydn were combined, 
20 and conc^itrated to a residue This was digested in mettiylene chloride 
and dilute (pH 95) ammoniimi hydroxide and the methylene chloride 
layer was separated, washed wifli water and concentrated to yield tfie 
desired ll-epifluoro-lS-norerjrthromydn A as white solid. 

Construction of p lasmi d pALeryAM4-l 

Primers 9a (GCGCCGAATTCTCGAGACGGCG1X3GGAGGCA) and 
9b (TTCCGGTACCAGTAGGAGGCGTCCATCGCG) are employed to PGR- 
30 amplify tiie ZO kb eryA segment between sequence coordinates 1735-1938 
Cfragment9). After digestion with EcoRI + KpnI. fragment 9 is ligated to 
pUC19 cut with the same two enzymes The resulting mixture contains 
the desired plasmid pALeryAM4.1. 
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Example 28 

Construction of R coli K12 DH5a/pALeryAM4.1 

Approxiinately 10 ng of pALeryAM41, prepared as described in 
5 Example 27, are transformed into E. CDliK 12 DH5a> and a few of the 

resulting white Ap^ colonies tiiat appear on Hie LB-agar plates containing 
X-gal and ampidllin are analyzed for thdr plasmid content Ihe identity 
of plasmid pALeryAM4.1, 4.7 kb in size, is verified by digestion with Sail 
(fragments of 2.8, 0.85, 053, 027 and 0*22 kb are observed by agarose gel 
1 0 electrophoresis). 

Example 29 
Construction of plasmid p ALeryAM4.2 

1 5 Primers 10a (GCTCGGATCCCGCGGCGCGGGTIGCAGC^ and 

10b (CGGAACnCGGTGAGCATGCCGGGACTGCrC) are used to PCR- 
amplify the 2A kb eryA segment between sequence coordinates 21.94r24.(M) 
(fragment 10). The 2.6 kb fragment KprJ(96> 'BamH K102) from cosmid 
done pRl, and fragment 1 0 cut with BamH I ^ SphL are ligated to 

20 pALeryAM4.1 cut witii Kpnl + SphL The resulting mixture contains ttie 
desired plasmid p ALeryAM4.2. 

Example 30 

Construction of E. coli K12 DH5a/pALCTyAM4.2 

25 

Approximatdy 10 ng of pALeryAM4.2, prepared as described in 
Example 29, are transformed into E. coliK 12 DH5ax and a few of the 
resulting white Ap^ colonies that appear on tite LB-agar plates containing 
X-gal and ampidllin are aitalyzed for tiieir plasmid content The identity 
30 of plasmid pALeryAM4>2, 93 kb in size, is verified by digestion with Xhol 
SphI (to ensure that tiie entire 6.65 kb insert is released) and with Sail , 
with fragments of 2A, 1.82, 1.09, 0.94, 0.85, 0.75, 0.45, 0^, 0.22 and 0.13 kb 
are observed by agarose gel electrophoresis). 
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Bvam ple 31 
Constructian of plasmid pAL cryAMl 

The Z9 kb Smal(4)-Smal(20) fragment from cosmid done pRl is 
5 ligatedtopUClZcutwiflitoi^. The resulting mixture amtains plasmid 
pALeiyAMl. 



10 



Pvam ple 32 

rnnstmction of K. ooK K 12 DH5aa/pALenrAMl 



i^ioximatdy 10 ng of pALoyAMl, prepared as described in 
Example 31, are transformed into E. fio!LK12 DHSa^ and a few of the 
resulting white Ap^ colonies that a5)pear on flie LB-agar plates containing 
X-gal and ampidllin are analyzed for their plasmid content. The identity 
15 of plasmid pALeryAMl, 5.6 kb in size, is verified by digestion with fejal 
(Ae 2.9 kb insat is realeased) and wifli ^W, with release of one 4.4 and 
one 1.07 kb bands. Botix orientatians of tiie insert in plasmid pALeryAMl 
are us^uL 

20 Kvam plg 33 

Construction of plasmid pALervAM43 

Plasmid pALeryAMl is cut with Xhol to completion, partially witti 
SphL and the resulting 525 Id> band, isolated from an agarose ggl, is ligated 
25 to tiie 6.65 Id) insert released from pALeryAM4.2 by 22s2l+S^ digestion 
The resulting mixture contains the desired plasmid pALeiyAMtS. 



KvamplA 34 

Construction of E. coU K\2 PH5a/pAI> ryAM4.3 

30 

Approximatdy 10 ng of pALeryAM43, prepared as described in 
Example 33, are transformed into E. coliK12 DHSa^ and a few of tiie 
resulting white Ap^ colonies that appear on the LB-agar plates containing 
X-gal and ampidllin are analyzed for ttieir plasmid content. The identify 
35 ofplasmid pALeryAM4.1, 11.9 Id) in size, is verified by 2^1 + 
digestion (fragments of 6.65 and 5.25 H) are visible by agarose gd- 
electrc^horesis). Plasmid pALeryAM43 carries the entire eryA module 4 
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inserted into tiie KS region of module 1. The cloned insert in 
pALeryAM43 is degnated £he eryAM412 allele. 



Example 35 

5 Construction of plasmid pALeryAM4.4 

Plasmid pALeryAM43 is cut with EcoRI + IfindlH and the 
resulting 9.2 kb band, recovered from an agarose gel is ligated to pWHM4 
cut with the same two enzymes. The resulting mixture contains the 
1 0 desired plasmid pALeryAM4.4. 

Fvam plp 3fi 

Construction of R coli K12 DH5a/pALervAM4>4 

1 5 Approximately 10 ng of pAL€ryAM4.4, prepared as described in 

Example 35, are transformed into £. coliK 12 DHSa^ and a few of the 
resulting white Ap^ colonies tfiat ^>pear on Ae LB-agar plates containing 
and ampidllin are analyzed for tiieir plasmid content The identity 
of plasmid pALa7AM4.1, 16Jkb in size, is verified by EcqRI + ISx^^ 

20 digestion, wi& fragments of 9.2 and 73 kb released. Flasmid 

pALayAM4.4 carries the eryAM412 allele on the Sac ervthraea multicopv 
vector pWHM4. 

Example 37 

25 Construction of Sac, erythraea AM412 carrying flie eryAM412 allele by 

gene conversion 



./proximately 1 mg of plasmid pALeryAM4.^ isolated fromE. cdi 
K12 DH5a/pALaryAM4.4, is used for transformation into Sac eryttiraea 

3 0 strain AK51 protoplasts. A few hundred transformants are screened for 
antibiotic production by the agar-plug assay, and one of the colonies found 
to produce antimiaobial activity is cured of pALeryAM4.4 by protoplast 
formation and regeneration as described in General Methods. Total DNA 
from six antibiotic-produdng, Th^ colonies (strain AM412)and from strain 

35 AKSl is digested witii SphI and wifliXhoI and tiie resulting Soufliem blot 
is hybridized first to tiie Z9 kb insert from pALeryAMl, and then to tiie 2.9 
kb &a{95)-Ssa(101) fragment from plasmid pALeryAM4.2. With tiie first 
probe, the ^il band at 0.8 kb in strain AKSl is seen to be replaced by a 75 
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kb band in strain AM412, whereas the other two bands at 2.4 Kb and 5^ kb 
aieuna^cted. In the 2a!al digest, the AKSl band at 25 Id) is replaced by a 
9.6 kb band in AM412, with the other band at5.2kb conserved in both 
strains. Using the &a(95)-&t[a01) fragment as probe, strain AKSl 
5 exhibits one band at 25.5 kb and one at 17.9 kbinflie^a and 2a»oI digests, 

respectively, whereas, in addition to these bands, strain AM412 shows one 

band at 75 kb and one 50101 band at 9.6 kb. fii this way, it is 
established fliat flie eryAKSl allele has been converted into fiie eryAM412 
aUele in strain AM412. 



10 



FvampTp ■« 

Isolation and purificatio n of 14-fl-propyl)grvtttromvdn A 



At harvest flte fermentation is adjusted to pH 93 and exbacted 
15 twice witti equal volumes of mettiylene chtoride. The combined extracts 
are washed once with water and concentrated to an oily readue. This is 
partitioned in a heptane mettianol water (55:1, v/v/v) system and flie 
lower layer is washed once wifli heptane and tisai concentrated to a 
sanisolid residue. This is digested in methanol and diromafographed 
20 over acoluinnof SephadexLH-20inmettianoL EcactionsaietestedftM: 
bioactivity in an agar diffusion assay on plates seeded with the maaolide- 
smsLtLve strain gtaph ylococcus aureus T hR. Active fractions are 
r-omhinpH and furflier purified by chromatography ovor silica gel a 
chloroftonumethanol gradient containing 0.1% triethjrtamine. Fractions 
2 5 m"fc*iTiing aie desired 14-(l-prop3^)eryfliromydn A are combined and 
concentrated to yidd ihe product as a white solid. 



KvaTTipIg 39 
Construction of plasmid pALayAMS.! 

30 

The4.7kbcryA fragment between sequence coordinates 23.65-2836 
(fragment 11) is PCR-amplified employing primers Ua 
(ATGCrcGAGATUrCGTGGGAGGCGCrGGA) and lib 
(AGAACICGGTGAGCATGCCCGGGCX:CGCCA). Ecagment 11, after 
35 Hi gpsrion wtii Xhol + SphL is hgated to the 5.25 kb fragment resulting 
from complete Xhol and partial SphI digestion of pALeryAMl, as in 
Example 33. The resulting mixture contains the desired plasmid 
pALeryAM5.1. 
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Example 40 

Construction of R coH K12 DH5a/pALervAM5.1 

S Appioxiinately 10 ng of pALeryAM5.1, prepared as described in 

Example 39, are transformed into E, coli K 12 DHSa^ and a few of die 
resulting white Ap^ colonies that appear on the LB-agar plates containing 
and ampidllin are analyzed for their plasnud content The identic 
ofplasmid pALeryAM5.1. 9.95 kb in size, is verified by SphI + Xhol 
1 0 digestion, with fragments of 5.25 and 4.7 kb released, and by Smal 

digestion where fragments of 3.39, 2.68 and 1.94 (doublet) kb are ol^erved. 
Plasmid pALeryAMS.l carries tiie entire eryA module 5 inserted into die 
p-4cetoacyl ACP synthase region of modulel. The doned insert in plasmid 
pALeryAMS.l is designated tiie eryA512 allele. 

15 

Example 41 
Construction of piasmid pALCTyAM5.2 

nasmid p ALeryAM5.1 is cut witii EcoRI + Ifindlll and the resulting 
20 63 Idb fragment recovered from an agarose gel, is ligated to pWHM4 cut 
with tiie same two enzyxnes. The resulting mixture contains the desired 
plasmid pALeryAM5.2. 

25 Construction of R coli K12 DH5a/pALeryAM5.2 

Approximately 10 ng of pALeryAM5.2, prepared as described in 
Example 41, are transformed into E. coliK 12 DHSo^ and a few of the 
resulting white Ap^ colonies iliat appear on the LB-agar plates containing 
30 X-gal and ampidllin are analyzed for their plasmid content The identity 
ofplasmid pALeryAM5.2, 13.6 kb in size, is verified by digestion with 
EcoRI + Hindm , wifli fragments of 73 and 6.3 kb released. Plasmid 
pALeryAM5.2 contains tiie eryAM512 allele on tiie Sac eryfliraea 
multicopy vector pWHM4. 
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Constmctioii of Sac erythiaea AM512 carr ying^ the ervAM512 allele by 

gene inversion. 

5 Approximately 1 mg of plasmid pALeryAMS^ isolated from £. odi 

K12 DH5a/pALeryAM5^, is used for transfonnation into Sac, ervthraea 
strain ABSl protoplasts. A few hundred transformants are screened for 
antibiotic production by die agar-plug assay, and one of tiie colonies found 
to produce antimicrobial activity is cured of pALeryAMS^ by protoplast 

10 formation and r^eneration as described in General Methods. Total DMA 
from sbc antibiotic-producing, ThS colonies (strain AM512)and from strain 
AKSl is digested wifli SphI and with Xhol and the resulting Soutiiem blot 
is hybridized first to the 2.9 kb insert from pALeryAMl, and then to the 03 
kb NcoI fll9) -Ncol Cl25) fragment from plasmid pALeryAM5.1. With ti>e 

15 fiKt probe, file SeM band at 0.8 kb in strain AJSl is r^laoed by a 5.5 kb 

band in strain AM512, whereas the other two bands at 2.4 H) and 5.2 kb are 
imafforW Jh the )Q!oI digest, tiiB AKSl band at Z9 1* is rq)laced by a 7.6 
kb band in AM512, wifli title ofiier band at 5 kb conserved in bofii strains. 
Using tiie Nool(119)-Ncol(123) fragment as probe, strain AKSl exhibits one 

20 band at 255 Hj and one at 17.9 kbm the ^hC arid 2S»I digests, 

respectively, whereas,-in addition to tiiese bands, strain AM512 shows one 
^hIbandat55kband one22!oIbandat7.6kb. fritiiis way,itis 
establidied that fiie ctvAKSI allele has beoi converted into tiie eryAM512 
allele in strain AM512. 

25 

Isolation and purification of 14ri(l-hydroxvpro pvlVlervthromydn A 

At harvest the pH of tiie fermentation of AM512 is adjusted to 93 
3 0 and ttie mixture is extracted twice with equal volumes of efii^daoetafe. 
The combined eihylacetate extracts are washed witii water, dried and 
partitioned in a heptane, methanol, water (5:5:1, v/v/v) system. The 
lower (methanoUc phase) is washed with an equal volume of heptane and 
is concentrated to a residue. This is chromafographed on a S^hadex LHr 
3 5 20 column in methanol and fractions containing the desired 14[1(1- 

hydroxypropyDlerylhromydn A are concentrated and furttier purified hy 
chromatography on an Ito Coil Planet Centrifuge in a systen consisting of 
n-hq>tane, baizene, acetone, isopropanol, 0.65 pH 7.0 aqueous 
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potassium phosphate buffer (5:10:2:35, v/v/v/v/v). Fractions containing 
tiie desired product are concmtrated to a solid residue and partitioned 
between methylene chlorid and dilute (pH 93) ammonium hydroxide 
The organic layer is washed wifli water and concentrated to yield 14[1(1- 
5 hydroxypropyDlerythromydn A as a white solid. 

Although the present invention is described in tiie Examples listed 
above in terms of preferred embodiments, they are not to be regarded as 
limitii^ the scope of tiie invention. The above descriptions serve to 

1 0 illustrate tiie principles and meOiodologies involved in creating the fliree 
types of mutations that can be introduced into tiie eryA segment of the 
Sac. eryfhraea chromosome tiiat result in the synthesis of novel 
polyketide products. Although single Type I alterations, leading to the 
production of 5-oxo-5 A-dideoxy-3a-mycorosyl erytfaronolide B, 11-oxo-ll- 

1 5 deoxyerythromydn A, 7-hy droxyerythromydn A, 7-oxo- 

7deo3^er)rfliromy dn A, 5-desosaminyl-3-oxo-3-deoxyerylhronolide A, and 
A-6,7-anhydro-6-deo?qreryihromydn A are specified hereiiv it is obvious 
that other Type I change can be introduced into the ay A segment 
leading to novel polyketide structures. Among the additional Type I 

20 alterations that can be obtained are those in which two or more modules 
are affected leading to the synthesis of novel polyketides. Examples of 
combinations of two Type I alterations leading to usrful compounds 
indude but are not limited to: mutants of tiie the ^ketoreductase of 
module 2 (KR2) and tiie ^ketoreductase of module 4 (KR4) leading to the 

2 5 formation of 7,ll-dioxo-7,ll-dideo5greryttiromycin A; mutants of KR2 and 
the p^ketoreductase of module 6 (KR6) leading to the fermati^ 
dioxo-3,ll-dideoxy-5Hiesosaminyleryttironolide A; mutants of KR2 and 
the dehydratase of module 4 (DHi ) leading to the syntiiesis of 7-hydro3qr- 
ll-oxo-ll-deoxyer3rthromycin A; mutants of KR2 and tiie enoylzeductase 

30 of module 4 (ER4) leading to ttie synthesis of A-67-ajAydro-ll-03a)-ll- 

deoxyerjrtturomydn A; mutants of KR4 and KR6 leading to tiie synthesis of 
3,7<Qoxo-3,7-clideoxy-5-desosaminylerythronolide A; mutants of KR6 and 
DH4 leading to tiie synthesis of 3-oxo-3-deoxy-5-desosaminyl-7- 
hydro>7erytiux)nolide A; mutants of KR6 and ER4 leading to the synthesis 

35 of 3Hoxo-3-deoxy-5-desosaininyl-A-6,7-anhydroeryflironolide A. Examples 
of combinations of tiiree Type I alterations leading to the synthesis f 
novel polyketides indude but are not limited to: mutants of ¥S2, KR4 and 
KR6 leading to the syntiiesis of 37/ll-trioxo-3,7,ll-trideoxy-5- 
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desosaminylerydironolide A; mutants of KR2^ KR6 and DH4 leading to 
the synthesis of 3Al-dioxo-3,ll-dideoxy-5-desosaminyl-7- 
hydroxyeryttironolide A; mutants of KR2, KR6 and ER4 leading to flie 
synttiesis of 3,ll-dio)a>-3,ll-dideoxy-5-desosaminyl-D-6,7- 
5 anhy droerjrthronolide A- All combinations of iwo or three Type I 

mutants, the Sac. erytfaraea strains that carry said combinations and the 
corresponding polyketides produced from said strains, therefore, are 
included within the scope of the present invention. 

Alfliougji the Type II mutants specified herein have been 

1 0 constructed in flie p-ketoacyl ACP syntiiase of modide I (KSl) and tiie ^- 
ketoacyl ACP synthase of module 2 (K^), other Type E mutants can be 
constructed in other domains to result in ttie synthesis of novel 
polyketide structures upon feeding wifli appropriate substrate analogs- 
Other Type n mutants indude but are not limited to: inactivation of the 

1 5 rither of flie aqritransferases or aqrl carrier proteins of module 1, or flie 
aqrltransferase or acyl carrier protein of module 2, the p-tetoacyl ACP 
syndiase, acyhransfierase or ac^ carria: protdn of module 3, module 4 or 
module 5. Furthermore, compounds other tiian (2S,3R,4S,5S)3,5- 
dihydroxy-2,4<iimethylhexanoic add-ethyl tfaioester and C2S,3S/4S,5S)2,4r 

20 dimethyl-3-fluoro-5-hydro3^exanoic add-ethyl thioester specified herein 
can be syntiiesized and fed to strains AKSl or AKS2 specified harein or 
ofiier strains that carry other Type II mutations to result in the creation of 
novel polyketides fliat*are within the scope of the present invention. 

Although two examples of Type ni alterations are specified herein, 

25 it is appajracit to those skilled in the art that many ottier examples of Type 
ni dianges are possible. Strains of Sac. eryihraea carrying changes of tiiis 
type of6er tiie very high potential for the production of novel polyketides 
of specified structure, since diey do not require syntiietic substrates as do 
Type n mutants and tiiey are not limited to the formation of derivatives 

30 of erythromycin, as in the case of Type I mutants- Li the embodiments of 
Type in mutants specified herein, we have illustrated how a second copy 
of a complete module can be introduced at a desired position by gene 
conversion to result in flie synthesis of 14r(l-propyl)eryairomydn A or 14- 
[Id-hydroxypropylDerythromydn A. These alterations make use of the 

3 5 high conservation and simultaneous lack of spedfidty of tiie p-ketoacyl 
ACP synthases of modules 1 and 2, tiiereby making possible flie 
construction of hybrid p-ketoacyl ACP synthase functions consisting of 
portions of proteins derived fix)m different modules. Those skilled in the 
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art understand, therefore/ that it is possible, as exemplified for KSl and 
KS2, to delete a small portion of the ^ketoacyl ACP syndiase of other 
modules and to construct strains carrying such alterations which can then 
be employed as hosts for introducing at the deleted p-ketoacyl ACP 
S synthase location a second copy of any homologous module. 

Furdiermore, as exemplified herein, it is also possible to delete any 
segment of eryA by ligation of two non-contiguous PCR-generated 
fragxnents and to subsequently construct strains, therefore, devoid of any 
or all portions of any module. Such strains deleted of a full module can be 

1 0 employed for mntroduction of either the same or a different modide at a 
different location. It is possible, therefore, to determine tiie novel 
structures desired and then create a series of Sac. erytitraea strains 
containing the corresponding arrangements of eryA modules that would 
produce said novel structures that are included widiin the scope of the 

1 5 present invention. Additional examples of novel compotmds produced 
from the construction of Type in alterations include but are not limited to 
11-deoxyerythromydn, resulting from the insertion of tiie cryA segment 
encoding DH4 and ER4 in module 2. 

Moreover, it will also be apparent that two or more modules can be 

20 excised and introduced into various sites of die Sac. erytkraea 

duromosome to produce novel polyketides of predicted structure such as 
the introduction of the eryA segment encoding DH4 and ER4 in both 
module 1 and module 2 to result in tiie production of 14CR)[1* 
hydroj^propyljll-deoxyerythromydn A. All combinations,, therefore, of 

2 5 Type III alterations and tiie strains of Sac. erythraa that carry said 

alterations as well as the polyketides produced from said strains are 
included within tiie scope of the present inventioiu 

to addition, it is also possible to create combinations of Type I, Type 
n and Type HI alterations and insert such alterations into Sac. erytkraea to 
30 produce novel polyketides. Examples of such combinations include but 
are not limited to tiie following. The combination of a Type I alteration, 
such as an alteration in DH4 and a Type K alteration, such as a mutation 
in tiie KSl to result in the formation of (14S,15S)14-[l-hydraxyetiiyl]-7- 
hydroxyerytiiromycin A whea the strain of Sac. eryihraea carrying such 

3 5 alterations is fed witii tiie compoxmd (2S,3R4S,5S)3>dihydroxy-2,4r 

dimethylhexanoic add ethyl ester. The combination of a Type I alteration, 
such as an alteration in DH4 and a Type m alteration, such as found in 
Sac. eryikraa strain AM412, wherein a copy of the DNA segment of 
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module 4 is introduced in module 1, such that the Sac. en/thraea strain so 
omstructed pwiuces the compound 7-hydroxy-14-propyieryfliromydn A. 
All combinations of two or more alterations of Type I, Type H and Type IH 
alterations, the Sac. erythraea strains tiiat carry such alterations, and the 
5 polyketides produced fcom such strains are included wifliin the scope of 
the present invention. It will also occur to those skilled in flie art that 
novel structures can be produced by altering flie spedfidty of the 
acyltransferase functions in any module. Examples indude: replacement 
of flie aqrltiansferase domains of modules 1, 2, 3, 4, S/x 6 in. ay A with 
10 fliose of modules 4, 4, 2, 2, 2, and 4, respectively, to result in flie 
production of 12-epierytiiromycin A,IO-epieryflffomycin A, 8- 
epieryfliromydn A, 6-epierythromydn A, 4-epieryfliiomycin A and 2- 
epierytiiromydn A, respectively, that are included within flie scope of flie 
present inv^tion. 

15 It should be emphasized fliat tiie introduction of an entire eiyA 

module at a di^ent location, as exemplified for flie amstruction of Sac. 
aytitraea strains AM412 and AM512 in Examples 29 and 35, respectively, 
does not rely on homologous recombination between tiie iiux>ming eryA 
module and flie host chromosome. Raflier, gene convasiott of ttie host 

20 allele wifli the eryA allele residing on flie multicopy plasmid requires 
DNA sequoices homologous to flie host allele flanking flie incoming 
module. Thus, any module carrying tiie desired spedfidties, eithor from 
homologous or heterologous sources, can be onployed in gaie 
conversion of the host allele, provided fliat is flanked by segments of 

25 homok)gy. It will occur to ttiosie skilled in tiie ar^r tiierefore, fliat, given 
the large number of natural polyketide molecules existing, a wide variety 
of additional novd molecules of predicted structure can be produced in 
Type ni mitfants containing an additional module <rf desired specificities 
or Tiy^iere an endogenous module is rq)laced by an eja)genous an& The 

30 Imgtti of flie ac^ chain can be easily controlled by suitably cha n gi n g flie 
number of modules involved in its synfliesis. Similarly, the inti»duction 
of keto, hydroxy, enoyl, or metiiylene groups at specific points along the 
acyl chain can be easily achieved by introducing tiie proper b-carbon 
processing functions (p-ketoreductase, dehydratase and eno)^eductase) in 

35 the required modules. Exogenous modules constitufe the sourcK of 

spedfidties for starter and extender units other than fliose employed by 
Sac. erythraea for eryfliromydn biosyntiiesis, making it thereby possible to 
empk>y, for example, malonylQ) A or (2R)- or (2S)etiiyfanalonylCoA, etc 
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as extender units, and acetyl CoA^butyryl Co A, The 
result will be the formation of erythromycin aitalogs containing the 
desired functional groups and side chains with the desired 
stereochemistry. As an extension of the examples reported witii eryA , tiie 
5 construction of a Sac. erythraea strain carrying a heterologous module 
inserted into eryA requires: (i) doning of the genes firom any ottier 
Actinomyces producing a polyketide with desired structural features; (u) 
mapping of tiie modular organization of tiie doned genes by low 
stringency hybridization and restriction analysis; (iii) locating tiie module 

1 0 carrying the desired spedfidties by partial sequendng; (iv) precise exdsion 
of the desired genetic dement and doning into a vector suitable for gene 
conversion; (v) construction and transformation of a Sac. erythraea strain 
suitable for gene conversion and scre^iing for tiie lujvel compound. Any 
module, or portion thereof, can thus be predsdy excised from the genome 

15 of a polyketide-produdng microorganism and introduced into suitable 
Sac. erythraea strains to create a novel polyketide of predicted structure. 
Thus, replacement of the acyltransferase segments of modules 1, 2, 3, 4, 
5 fir 6 in eryA witii the acyltransferase segment specific for malonyl Co A, 
sudi as can be found in the polyketide syntiiase ^es for ttie synfliesis of 

20 pikTCTtnyrfn in Streptomy ces venezuelae. to result in tiie syntihtesis of 12- 
norerytiiromydn A, lO-noreryfliromydn A, S-norerjrthromydn A, 6- 
noreryfliromy dn A, 4-norerytiiromycin A and 2-noreythromycin A, 
respectivdy, that are induded within the scope of the present invention. 
In addition, replacement of the acyltransferase segmaits of modules 1, 2, 3, 

25 4, 5,or 6 in eryA with an acyltransferase specific for (2R)-ettiylmalonyl 
CoA, sudi as can be found in flie polyketide synthase ^nes for the 
syntiiesis of spiramycin in Streptomyces ambofasdens. will result in tiie 
formation of 12-homoerythiomycin A, lO-homoerythramydn A, 8- 
epihomoerythromy dn A, 6-epihomoerytiMomycin A, 4r 

3 0 epihomoerytiiromjrdn A and 2-homocrjrthromycin A, respectively, all of 
which are induded witiiin tiie scope of tiie present inventioiu Similarly, 
introduction of acyltransferase segments carrying desired spedfidties for 
tiie starter or extender unit into eryA DNA tiiat results in the syntiiesis of 
novel compoimds are induded witiiin tiie scope of the present inventioru 

3 5 The erythromycin analogs produced by the metiiod of this invention are 
structurally similar to known antibacterial and prokinetic agents. 

It will also occur to those skilled in the art that genetic 
manipulations descril>ed herein need not be limited to Sac. erythraea. 
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Suitable hosts are any other polykedde-produdng Actinomyces where 
DNA can be precisely inserted iiito tiie chromosoine. Henoe^ the choice of 
a convenient host is based solely on tiie relatedness of the novel 
polyketide to a natural counterpart so as to minimize the number of 
5 module rearrangements required for its biosjmthesis. Therefore, Type I, 
Type n and Type IH alterations can be constructed in other ActoQsa^^ 
employing eidier endog^ous or exogenous modules to produce novel 
polyketides employing strategies analogous to ttiose described herein for 
Sac. eryikraea. Thus all Type I, Type II or Type IH mutations or variotis 

1 0 combinations thereof constructed in otiier actinomycetes according to the 
principles described herein, and flie respective polytetides produced from 
such strains, are included xvithin tiie scope of flie present invention. 
Examples of polyketides tiiat can be altered by creating Type 1, Type H or 
Type ni changes in the producing microorganisms indude, but are not 

1 5 limited to macrolide antibiotics such as eryttiromydrv tyiosin, spiramycin, 
etc; ansamacrolides such as rifamydns, maytansines, etc; polyketide 
antibiotics such as tetracycline; polyethffs such as monesin^ salinomydn, 
etc; polyenes such as candiddin, amphotheridns; immunosuppressants 
such as FK506, ascomydn, rapamydn, etc and otiier complex polyketides 

20 such as avennectin. 

Whereas the novel derivatives or modifications of erythromycin 
described herein have been specified as the A derivatives, such as 7- 
hydroxyaythromydn A, ll-oxo-ll-deoj^erythromydn A, 14[1(1- 
hydroxypropyDleryfliromydn A, etc, those skilled in the art imderstand 

25 tiiattiie wild type strain of Sac erythraea produces a family of 

erythromycin compounds, induding eryfliromydn A, erythromycin B, 
erythromycin C and OTythromydn D. Thus, modified strains of Sac 
enftkraear sudi as strain AKR2, for example would be expected to produce 
the corresponding members of the ll-oxo-ll-deo^qrerythromydn family, 

3 0 induding ll-oxo-ll-deoxyerythromydn A, ll-oxo-ll-deoxyerytiiromycin 
B, ll-oxo-ll-deoxyerjrthromydn C, and ll-oxo-ll-deoxyerythromydn D, 
Similarly, strain AM412 would be expected to produce not only 14(1- 
propyDerythromydn A but also the other members of tiie 14(1- 
propyDerythromydn family induding 14(l-propyl)eryfliromycin B, 14(1- 

3 5 propyl)er3rtiiromycin C and 14(l-propyl)eryftiromycin D. Similarly, all 
other modified strains of Sac. erythraea described herein that produce 
novel erythromycin derivatives would be expected to produce tiie A, B, C, 
and D forms of said derivatives. Therefore, all members of the jEamily of 
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each of the novel polyketides described herein are induded within tiie 
scope of the present invention. 

Variations and modifications of die mediods for obtaining die 
desired plasmids, hosts for cloning and choices of vectors and segments of 
5 eryA DNA to done and modify, other than those described herdn that 
result in substantially the same strains and same products as those 
described herein will (xrur to tiiose skilled in the art. Fbr example, 
although we have described the use of the plasmids pWH3 and pWHM 4 
as E. coli-Sac erythraea shutfle vectors, odier vectors can be employed 
10 wherdn all or part of pWHM3 or pWHM4 is replaced by odier DNA 

segments that function in a similar manner, such as replacing the pUC19 
component of pWHM3 and pWHM4 with pBR322, available from BRL, 
employing different segments of the pIJlOl or pJVl replicons in pWHM3 
and pWHM4, respectively, or employing selectable markers otiier than 

1 5 tliiostrepton- and ampidllin-resistance. These are just few of a long list of 

possible examples all of which axe induded within the scope of the 
present invention. Similarly, the segments of tiie eryA locus subdoned 
into pWHM3 for generating strains AKSl, AKS2, etc specified herein can 
readily be substituted for other s^;ments of dif6erent length encoding tiie 

2 0 same functions, either produced by PCR-amplification of genomic DNA or 

of an isolated done, or by isolating suitable restriction fragments from Sac. 
erythraea. In the same way, it is possible to create eryA strains carrying 
mutations functionally equivalent to dtose described herein by deleting 
difierent portions of the corresponding genes, by creating insertions into 

2 5 Aem^ or by site-directed mutagaiesis of specific nucleotide residues* 

Moreover, Sac. erythraea strains witii mutant alleles oflier than the P- 
ketoacyl ACP synfiiase portions of eryA can be onployed as hosts for gene 
conversi0n; Type in mutants can be constructed by double redprocal 
crossover as exemplified for Type I and Type n mutants rather than by flie 

3 0 gene converdon method described herein. Additional modifications 

indude changes in the restriction sites used for doning or in the general 
methodologies described above. All such changes are induded in the 
scope of the invention. It will also occur to fiiose skilled in the art that 
different methods are available to ferment Sac. erythraea, to extract the 
3 S novel polyketides specified herein, and to synthesize substrate analogs, 
and ttiat all such methods are also induded within tiie scope of the 
present invention. 
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It will be apparent that many modifications and variations of flie 
invention as set forth herdn are possible without departing from tiie 
spirit and scope thereof, and tiiat, accordingly, such limitations are 
imposed only as indicated by the appended daims. 

5 
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What is daimed is: 

1. A method for directing the biosynAesis of specific polyketide 
analogs by genetic znaniptilation of a polyketide-produdng 
5 microorganisnv said metiiod comprising the steps of: 

(1) isolating a polyketide biosynthetic gene-oontaining DNA 
sequence; 

(2) identifying enzymatic activities associated within said gsne- 
containing DNA sequence; 

1 0 (3) introducing one or more specified changes into said gene- 

containing DNA sequence which codes for one of said enzymatic activities 
resulting in an altered DNA sequence; 

(4) introducing said altered DNA sequence into a polyketide- 
producing microorganism to replace the original sequence; 
1 5 (5) growing a culture of tiie altered microorgaiusm under 

conditions suitable for the formation of the specific polyketide analog; and 
(6) isolating said specific polyketide analog from the culture 

Z The method of daim 1 wherein said polyketide biosynthetic gene- 
20 containing DNA sequence comprises genes which encode the enzymatic 
activities comprising a polyketide syntiiase. 

3. The method of daim 2, wherein said polyketide j^thase enzymatic 
activities comprise ^ketoieductase, ddiy dratase, acyl carrier protein, 

2 5 enoy breductase, ^ketoacyl ACP synthase, and acyltransferase 

4. The method of daim 1 whereui said alteration whidi occurs in the 
DNA sequence results in die inactivation of one or more enzymatic 
activities involved in tiie processing of tiie p-carbonyl of said pol^cetide 

30 

5. The metiiod of daim 4, wherein said inactivated enzymatic 
activities affecting the processing of tiie p-carbonyl of said polyketide 
a>mprise ^ketoreductase, dehydratase, and enoylreductase 

35 6. The method of daim 4 wherein said alteration in flie DNA 
sequence results in tiie addition of one or more enzymatic activities 
involved in die p-carbonyl processing of said polyketide. 
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7. The method of daim 6 wherein said additional enzymatic activities 
are selected from the group consisting of ^ketoreductase, p-ketoreductase 
and dehydratase, and ^-ketoreductase, dehydratase and enoybeductase. 

5 8. The method of claim 1 wherein said alteration occurring in flie 
DNA segment results in the inactivation of one or more en^^tic 
activities involved in the condensation of carbon units to the nascent 
polytetide structure. 

10 9. The method of daim 8 wherein said en2ymatic activities affecting 
the condensation of carbon imits to the nascent polyketide structure 
comprise ^ketoaqrl ACP syntiiase, acyl carrier protein and acyltransferase. 

10- The method of daim 1 wherein said alteration in tiie DNA 
1 5 sequence results in flie change of tiie lengfli of the polyketide synthesized. 

11. The method of daim 10 wherein said alteration results in the 
increase of the length of flie polyketide 

20 IZ The method of daim 11 wherein said alteration comprises flie 

addition of DNA secjuences encoding ttie enzymatic activities consisting of 
acyltransferase; acyl carrier protein and ^-ketoacyl ACP synthase 

13. The method of daim 10 wherdn said alteration results in the 
25 decrease of the lengfli of flie polyketide. 

14. The method of daim 13 wherein said alteration consists of flie 
deletion of a DNA segment between two sequences encoding 
corresponding enzymatic activities* 

30 

15. The method of daim 14 wherein said corresponding en^onatic 
activities are selected from tixe group consisting of p-ketoreductases^ 
dehydratases, acyl carrier proteins, enoyfreductases, p-ketoacyl ACP 
synthases, and acyltransferases. 

35 

16. The mefliod of daim 1 wherein said alteration consists in the 
replacement of the DNA segment encoding an acyltransferase with a DNA 
segment encoding an acyltransferase of different spedfidty. 
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17. The method of daim 1 wherein said DNA sequence is isolated from 
a species from the Actinomycetales frimiiy. 

5 18- The method of daim 17 wherein said DNA sequence is isolated 
from a genus selected from ttie group consisting of Actinomyc^, 
Dactylosparangium, Micromonospora, Nocardia, Sac, Streptovertidllium, 
and Streptomyces. 

1 0 19. The mettiod of daim 17 wherein said genus is selected from the 
group consisting of Saccharapolyspora and Streptomyces. 

20. The method of daim 19 wherein said genus is Saccharapolyspora 
and die spedes is erythraea. 

15 

21. The method of daim 19 wherdn said genus is Streptomyces and the 
spedes is hygroscapicus. 

22. The method of daim 1 wherein said polyketide is selected from the 
20 group consisting of maoolides, tetracydines, polyethers^ pdyeoes, 

ansaymdns and derivatives or analogs thereof. 

23. The mettiod of daim 22 n^ierdn said polyketide is a macrolide. 

25 24. The method of daim 23 wherdn said maax)Ude is an eryfluomydii. 

25. The metihod of daim 24 wherein said cryfliromycin analog is 
sdected from the group consisting of ll-oxo-ll-deo>^eryihromydn A, 7- 
hydroxyerythromy dn A, 6-deoxy-7-hydroxyeryduromycin A, 7- 
3 0 oxoerylhromydn A, 3-oxo-3-deoxy-5-desosaminylerythronolide A, A-6,7-. 
anhydroerytiuomydn A, ((1^45S)14(l-hydroxyettiyi)erylhromycin A, 11- 
epifluoro-15-norer3rtiu:omydnA, 14-(l-propyl)€ryfliromycin A, 14(1- 
propyDeryfliromycin A, and 14[l(l-hydroxypropyl)leryfhromycin A. 

35 26. The method of daim 1 wherein said DNA sequence, designated 
cry A, encodes the enzymatic activities assodated wifli the formation of 
6-deoxyerydm>nolide B. 
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27. The method of daim 26 wherein said DNA sequence comprises: 
the DNA sequence of Hgure 2. 

28. The method of daim I wherein said gene-containing DNA 

5 sequence encodes one or more en^matic activities in the rapamydn 
hiosynthedc pathway. 

29. The mefliod of daim 23 wherein said macrolide is a rapamydn 
analog. 

10 

30. A compoxmd sdected from tiie group consisting of 7- 
hydroxyeryfliromydn A; 6-deoxy-7-hydroxyerythromydn A; 7- 
oxoerythromydn A^ 3K)xo-3-deo3gr-5-desosaminyI-^ryfhronolide A; A-6,7- 
anhydroeryttiromydn A; ((14S45S)14(l-hydroxyethyl)eryfliromydn A; 11- 

1 5 epifluoro-lS-norerythromydn A; 14-(l-propyl)er5rflu'omycin A; 14(1- 
propyDerythromydn A; and 14[l(I-hydroxypropyl)]erythromydn A 
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NUMBER JITE DISTANCE (Kb)° 

1 _ BamHI -3.60 

2 " Pvull -3.50 
-3 Pvull -3.40 

4 PstI -3.05 

5 BamHI -2.95 

6 Xhol -2.80 

7 PstI -2.00 

8 Hindi! -1.60 

9 SphI -1.55 

10 EcoRI -1.50 

11 • Kpnl -1-35 

12 EcoRI -1-05 

13 Sma|b -0.90 

14 SphI -0.75 

15 Kpnl -0.65 

16 Smal -0.20 
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